Introduction
Esophageal tracheobronchial fistula 1 is an uncommon clinical entity and occurs as a complication of inflammatory disorders, foreign body ingestion, congenital anomalies, or invasion of the trachea or bronchi by malignant esophageal cancer. The majority of benign esophageal tracheobronchial fistulae in adults are acquired, which typically have a protracted course. Acquired benign esophageal tracheobronchial fistulae represent a broad spectrum of anatomic pathologies and exhibit markedly varied clinical manifestations, posing a diagnostic challenge that may lead to delayed or wrong diagnosis.
Acquired benign esophageal tracheobronchial fistulae are clinically rare. Though several clinical series have been reported, [2] [3] [4] [5] [6] the number of patients is small and cases have been accumulated over one or two decades; hence, these cases have varied clinical profiles and have received diverse surgical treatments. Furthermore, although open surgical repair is the traditional treatment of choice, therapeutic guidelines on optimal timing and type of repair for acquired benign esophageal tracheobronchial fistulae are lacking, and multiple surgical options are available, which are based on the location of a fistula, size of the defect, and the extent of organ involvement.
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In this paper, we summarize our experiences in the surgical treatment of 14 consecutive patients with acquired benign esophageal tracheobronchial fistula and further review some of the reported clinical series of acquired benign esophageal tracheobronchial fistula.
Patients and methods Patients
We analyzed the clinical and surgical data of 14 consecutive patients with a nonmalignant esophageal tracheobronchial fistula who underwent surgery between January 2002 and June 2015 at the Department of Thoracic Surgery, Peking Union Medical Hospital (Beijing, China). The diagnostic investigation included initial chest radiography, barium esophagography, and chest computed tomography (CT) scan for all patients. A water-soluble, radiopaque diagnostic medium (60% meglumine diatrizoate) was used. After oral ingestion of the medium, the patient was asked to lie in the supine position. The presence of esophageal tracheobronchial fistula was established by demonstrating flow of the radiopaque medium into the respiratory tract. Fiberoptic bronchoscopy and gastroendoscopy were carried out to define the exact site and length of fistulae.
The study was approved by the Ethical Committee at Peking Union Medical Hospital, and patient consent was not required by the committee because of the retrospective nature of the study. Use of patient images was permitted with the written informed consent of the patient, and all patient data were anonymized in the study.
surgery
All patients underwent fasting. Duodenal feeding tube or deep vein catheter was placed. Calorie intake requirement was calculated by body weight, and parenteral nutrition was provided for 2 weeks to 1 month. Patients were indicated for thoracotomy 1) if they had chronic cough on ingestion of food or water intake, accompanied with sputum production, and fever; 2) if they had a clear diagnosis and the opening of the fistula was located by gastroendoscopy, bronchofiberscopy, and fistulography, and malignant tumor was excluded by chest CT scan; 3) if they failed conservative therapy including longterm parenteral nutrition, repeated attempts of esophageal stent placement, and endoscopic blockade; and 4) if their infection was controlled and nutritional status was improved, with no other comorbid diseases preventing them from thoracotomy. All patients underwent routine preoperative examinations and for patients with fever and lung infections, sputum culture and antibiotic sensitivity test were carried out and specific antibiotics were given intravenously. Patients underwent surgery once body weight and biochemical parameters became stabilized.
Either left or right thoracotomy was performed. For esophagotracheal fistula, division of the fistulous tract and closure of the esophagus and trachea was carried out, and for bronchoesophageal fistula, division of the fistulous tract and closure of the esophagus and bronchus was done. For thoracogastric airway fistula, division of the fistulous tract and closure of the thoracic stomach and bronchus was undertaken. For fistula between the diverticulum of the esophagus and the bronchus, lower lobectomy and esophagectomy was performed with infra-aortic arch anastomosis of the esophagus with the stomach, or lower lobectomy was carried out with division of the fistulous tract and closure of the diverticulum of the esophagus. Intraoperative images showing division of the fistulous tract and closure of the trachea and esophagus are shown in Figure 1 .
Results
Patient demographic and baseline characteristics
As shown in Table 1 
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Surgical treatments of esophagotracheobronchial fistula had chronic productive cough, which was worse upon ingestion, and recurrent episodes of fever. The possible causes of esophagotracheal fistula are listed in Table 1 . One patient had previously received right lower lobectomy due to a benign tumor and two patients had undergone surgery for esophageal cancer, with supra-aortic anastomosis in one case and anastomosis in the neck between the left thoracic incision and neck incision in the other. Eight patients had esophageal tracheobronchial fistula for a duration of over 6 months, and they were converted to surgery because they had failed long-term gastroenteral nutritional support or repeated attempts of esophageal stent placement.
Bronchofiberscopy and chest CT scan revealed the membranous trachea openings of fistulae, which varied 2-8 mm in size (Figure 2A and B) . Gastroendoscopy further showed lesions in the anterolateral wall of the esophagus, which were 20-28 cm from the incisor ( Figure 2C ). The fistula opening was clearly visible in 7 cases, diverticulosis was observed in 4 cases, and small fistula opening was seen in the base of the diverticula in 3 cases, varying 3-10 mm in size, with occasional air bubbles. Endoscopic biopsy revealed the presence of chronic inflammation, but no tumor or infection was seen. Chest CT scan excluded that esophageal tracheobronchial fistula was caused by esophageal or bronchial tumors.
surgical characteristics and outcomes
Left thoracotomy was performed in 3 patients and right thoracotomy in 11 (78.6%, 11/14) patients. Division of the fistulous tract and closure of the esophagus and trachea was carried out in 8 patients with esophagotracheal fistula. Furthermore, division of the fistulous tract and closure of the esophagus and bronchus was done in 1 patient with bronchoesophageal fistula. In addition, division of the fistulous tract and closure of the thoracic stomach and bronchus was For fistula between the diverticulum of the esophagus and the bronchus, lower lobectomy and esophagectomy were performed in 1 patient with infra-aortic arch anastomosis of the esophagus with the stomach (Sweet procedure) and lower lobectomy was carried out in 1 patient with division of the fistulous tract and closure of the diverticulum of the esophagus. The location of the esophagotracheal fistula was determined during the operation (Figure 3 ). Histologic study of the excised specimens revealed no tumor, tuberculosis, or mycological infections. All operations were uneventful and there was no perioperative complication or death. Symptoms disappeared after surgery in patients and oral intake was resumed 7-10 days postoperatively. The median length of hospital stay was 53 (range 31-270) days.
The patients were followed up for a median duration of 33.5 (range 15-168) months. No recurrence was reported. Fiberoptic bronchoscopy and gastroendoscopy showed no tracheal stenosis or esophageal stenosis, with no need for stenting or dilatation therapy.
Discussion
We report the surgical outcome of 14 patients with esophageal tracheobronchial fistula. The patients were managed by a diverse array of surgical approaches including division of the fistulous tract and closure of the trachea and esophagus, a left lower lobectomy and lower esophagectomy, and infra-aortic arch anastomosis of the esophagus with the stomach (Sweet procedure). These surgeries were tailored to the particular condition of each patient. Compared with other reported series, 3, 5, 6, 11, 12 no perioperative complications or death occurred and all patients underwent an uneventful recovery and were discharged 5-8 days postoperatively. 
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Surgical treatments of esophagotracheobronchial fistula Esophageal tracheobronchial fistula can occur anywhere from the subglottic trachea to the left main stem bronchus. Variable causes contribute to the development of esophageal tracheobronchial fistula. Regardless of the cause of esophageal tracheobronchial fistula, right thoracotomy is undertaken for division of the fistulous tract and closure of the trachea and esophagus. Only when esophagectomy is contemplated in cases with unilateral lesioned lung, different approaches may be undertaken. In this series, we chose right thoracotomy and avoided left thoracotomy for patients with esophagotracheal fistula and thoracogastric airway fistula as these fistulae are mostly located in the upper and mid mediastinum and the presence of the left thoracic aortic arch makes surgical exposure in left thoracotomy difficult. Right thoracotomy, on the other hand, can expose the full length of the thoracic esophagus, which facilitates surgical maneuvering. In cases where left thoracotomy has been undertaken, right thoracotomy may be adopted in reoperation in order to avoid chest adhesions. In cases of bronchial thoracogastric airway fistula and recurrent lung infections, lobectomy may be undertaken and laterality of thoracotomy can be determined ipsilateral to the lung lesion. 11 Acquired benign esophageal tracheobronchial fistula can be caused by overinflation of a cuffed tracheostomy tube, trauma or iatrogenic injuries, 13 esophageal stents, 14 involvement of the esophagus and trachea by adjacent diseased or lesioned organs, 8 or invasion of the trachea or bronchi by malignant esophageal cancer. For those fistulae due to invasion of the trachea or bronchi by malignant esophageal cancer, the chance for surgical management is rather dim. Lei et al have recently attempted surgical treatment of esophageal tracheobronchial fistula formed due to invasion of the trachea or bronchi by malignant esophageal cancer. 15 In two of our patients, a fistula was formed between the bronchus and the thoracic stomach as a result of local inflammation, poor drainage, and subsequent infection in the thoracic stomach. The two cases were treated by division of the fistulous tract and closure of the thoracic stomach and left or right main stem 
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guo et al bronchus, with uneventful recovery. We further reviewed some of the reported series of acquired benign esophageal tracheobronchial fistula (Table 2) . Spalding et al 16 reported a series of 7 patients with acquired nonmalignant bronchoesophageal fistulas. Five patients were treated by a right-sided thoracotomy with division of the fistulous tract and closure of the bronchus and esophagus, and 1 patient required esophageal resection and subsequent reconstruction for permanent fistula closure. Shen et al 11 reported a series of 35 patients over a 30-year period and found single-stage primary repair of both airway and esophageal defects with tissue flap interposition can safely be performed successfully in the majority of patients with acquired nonmalignant bronchoesophageal fistulas. Mangi et al 17 reported a series of 13 patients with acquired benign bronchoesophageal fistulae who were treated by primary closure of the bronchus and esophagus and interposition of vascularized tissue. There was 1 perioperative failure, but no long-term recurrences after successful surgical closure. Compared to the reported series, we had a 100% success rate with no one dying during or after surgery. Major contributors, in our opinion, to a successful outcome include a well-established protocol for managing esophageal tracheobronchial fistulae, precise preoperative evaluation, and thorough preoperative preparation. Our tailored approach in deciding to proceed with simple esophageal tracheobronchial fistula repair or lobectomy, or even esophagectomy, also contributes to a satisfactory outcome. Our surgeons are also dexterous in surgical maneuvering, thus avoiding injury to adjacent critical organs and accurately locating the fistula opening, with maximal retention of tissue flaps for repair. In this paper, we only compared patients who were surgically managed by thoracotomy. It is worthy of note that esophageal tracheobronchial fistula is also managed conservatively 18 or treated endoscopically 19 with varied results. Ahn et al used endoscopic closure as the primary treatment for 7 patients with benign bronchoesophageal fistula. 19 All 7 patients failed the first attempt and half (2/4) failed the second attempt, and all these patients were converted to open surgery. Prolonged inflammation around the fistula causes local congestion and swelling, hyperplasia of fibrous tissues, and formation of hard scar. These peri-fistular changes render the surgical procedure more challenging, resulting in failed cases. Eight patients in this series had esophageal tracheobronchial fistula for a duration of over 6 months, and they were converted to surgery because they had failed long-term gastroenteral nutritional support or repeated attempts of esophageal stent placement. It was also reported 20 that fistula repair under a thoracoscope might be an optimal minimally invasive approach for the treatment of esophageal tracheobronchial fistula. This, however, is limited to a few cases of congenital esophageal tracheobronchial fistula in which adhesion in the mediastinum is not severe. For acquired esophageal tracheobronchial fistula, severe chronic inflammation is present in the mediastinum, leaving no anatomic space, thus rendering thoracoscopic repair difficult to accomplish.
Chronic cough, worsened on ingestion, with recurrent episodes of pulmonary infection and sepsis are characteristic manifestations of esophageal tracheobronchial fistula. Atypical manifestations may cause missed or delayed diagnosis. Barium esophagography in the upright position may miss small fistula openings because of the rapid transit of the water-soluble, radiopaque diagnostic medium; change to the supine position may boost the chance of demonstrating the presence, size, and location of fistula openings. Ancillary examinations such as bronchofiberscopy and gastroendoscopy aid the diagnosis of the disease by directly visualizing the fistula opening and the size of fistulae. Thoracic CT scan also helps rule in or out benign bronchoesophageal fistulae due to malignant causes; in such cases, no surgery is performed.
Esophageal tracheobronchial fistula patients typically have a protracted course with difficult food intake, chronic cough, and recurrent episodes of pulmonary infections. Consequently, a stabilization period has to ensue before proceeding to surgery. Fasting, placement of duodenal feeding tube or deep vein catheter, calorie support, and pulmonary infection control can be employed to stabilize patients. Right thoracotomy is the dominant approach and was done in three-quarters of our patients. Esophagotracheal fistulae and thoracogastric cavity fistulae are mostly located in the upper and mid mediastinum. Left thoracotomy cannot achieve adequate exposure because of the aortic arch. Right thoracotomy exposes the full length of the esophagus, facilitating operative maneuvering. Lobectomy may be performed in thoracogastric cavity fistulae, and thoracotomy ipsilateral to the lungs with infections is done. Stepwise dissection of adherent tissues is performed distal to the fistula opening. In right thoracotomy, the azygos vein is typically dissected, transected, and ligated and the esophagus is dissected in both directions. It is most difficult to dissociate adherent tissues around the esophageal tracheobronchial fistula openings; the esophagus around the fistula opening should not be dissociated from the trachea or bronchus. Tissues around the fistula in the bronchus should be preserved maximally as they can be used as tissue flaps. Tissues around the fistula in the esophagus can be dealt with more liberally, and remnant tissues may be used to strengthen the fistula in the bronchus. In this series, tissue flaps were
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Surgical treatments of esophagotracheobronchial fistula used for successful repair of defects. If the fistula opening is large, such as in iatrogenic injuries, muscle flaps or tissue flaps can be used for repair. 9, 21, 22 Lobectomy may be performed in thoracogastric cavity fistulae, and thoracotomy ipsilateral to the lungs with infections is done. Preoperative chest CT scan revealed destructed lungs in 3 of our patients; therefore, simple fistula repair cannot be done. Thoracotomy was done ipsilateral to the destructed lung and lobectomy was carried out concurrently. Fistula opening in the esophagus can be repaired layer by layer, and there is no stenosis and esophagectomy and re-anastomosis are not required in most cases. Two patients in our series had fistula between the diverticulum of the esophagus and left main bronchus; in 1 patient, the diverticulum was tractioned to a 4-5 mm fistula tube and after ligation and excision, the esophageal diverticulum was sutured and repaired layer by layer and esophagectomy was not performed. In the other patient, inflammation was present in the diverticulum and adjacent esophagus, rendering repair difficult. The diverticulum and lower esophagus were excised and infra-aortic arch anastomosis of the esophagus with the stomach was performed.
In conclusion, our results suggest that acquired benign esophageal tracheobronchial fistulae have a broad spectrum of anatomic pathologies and exhibit markedly varied clinical manifestations, and a surgical approach tailored to the condition of individual patients is recommended.
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